Coda consonant changes obey a dorsal > coronal > labial faithfulness hierarchy that mirrors the typology of coda mergers discovered by Chen (1973) for many Chinese dialects. While changes in both the vowel and coda consonant occur, on-line adaptations favor changing the coda and preserving the vowel and suggest that the relative phonetic salience of the nuclear vowel to the coda consonant still plays a role in these adaptations.
Introduction
Within generative grammar loanword phonology was originally treated as a corpus-external source of evidence to validate the productivity of the rules and constraints postulated on the basis of an analysis of a language's core native vocabulary. Sometimes loans contain sound combinations and structures that decide among alternative analyses whose resolution is otherwise indeterminable due to the lack of appropriate corpus-internal evidence (Hyman 1970) . With the rise of constraint-based models of phonology such as Optimality Theory (OT) there has been renewed interest in loanword adaptation. OT is well suited to formally express the conflict that typically arises in trying to remain faithful to the loanword source while still satisfying native language (L1) segmental, phonotactic, and prosodic constraints. A topic of particular interest in this line of research is sound similarity. When a segment from the donor language is missing from the grammar of the borrowing language the closest sound is normally chosen. But what is meant by closest? Appealing to simple feature counting does not provide a general answer (Kenstowicz 2003) . More subtle and richer phonetic considerations (often highly dependent on context) seem to frequently be at play. Moreover, the adaptations often pose learnability questions since the particular strategies employed may lack any direct counterparts in the L1 grammar (Broselow 2004 (Broselow , 2009 ). For example, how does the speaker decide whether to employ deletion or epenthesis to adapt a consonant cluster? How does the speaker decide whether to change the vowel or the consonant when faced with a CV or VC sequence that is not permitted in the native language? Chinese is particularly interesting in this regard. It has a CVC syllable template but with many gaps in the possible three-segment strings that can in principle fill out the template. How does the analyst (and the learner) decide whether a missing combination is an accidental gap or a systematic exclusion? Since the language typically lacks morphophonological alternations, one cannot probe the restriction with violations arising from morpheme concatenation to see if they are repaired and if so with what sound change. Loanwords thus provide one valuable source of evidence in this regard. Cantonese has figured prominently in the theoretical research on loanword phonology. Silverman (1992) was one of the first studies to propose a specific model of how a loanword is adapted, using Cantonese as the case study. The model postulates that the input is the surface (acoustic) form of the output from the donor language (chiefly English). According to Silverman this input is parsed by matching the closest segments drawn from the L1 segment inventory. The acoustic input is also parsed by the gross syllable template CVC. This syllabically licit representation is then brought into conformity with the native language segmental phonotactics by processes of vowel insertion and feature change at a later stage of analysis. In a series of papers discussing Cantonese loanwords from an Optimality Theoretic perspective, Moira Yip (1992 Yip ( , 1996 Yip ( , 2003 Yip ( , 2006 ) also proposes a two-stage model where the input is first parsed by a prosodic template and then phonotactic constraints are imposed. Yip (2006) examines vowel adaptation, concentrating on how English [ae] and schwa (segments which lack direct analogs in the Cantonese seg-mental inventory) are treated. She finds a hierarchy in the types of repair processes that impose native constraints. Deletion and epenthesis are employed to repair violations of constraints on consonant clusters and coda consonant restrictions. But licit vowel-consonant VC rime structures are obtained by preferentially adjusting the length of the vowel instead of changing its quality or the place of articulation of the coda consonant.
Our goal in this paper is to provide a more detailed analysis of the vowel adaptations in the Cantonese loans. The discussion proceeds as follows. First we introduce the vowel inventories of English and Cantonese followed by the rime tables showing the attested VC combinations in the core native vocabulary. We then review several well-known restrictions on the combinations. The next section establishes a base-line correspondence between the vowels and coda consonants of English and Cantonese that are evident in contexts where a particular VC phonotactic is not in play. We then turn to loans where an application of the baseline correspondences to the English input would create structures that violate one of the four phonotactic restrictions and show how they are modified. Like Yip, our analysis also relies on OT ranked constraints. As with Silverman (1992) and Yip (2006) , our data originate primarily from Chan and Kwok (1982) and Cheung (1986) plus a few additional forms taken from other sources such as Lai (2004) as well as from personal observations of our consultant. The total corpus comprises about 350 words (see Appendix).
It is well known that compared to Japanese and Korean, the number of phonological loans in Chinese languages is much more restricted. This is true for Cantonese as well in spite of the fact that Cantonese and English have been in close contact for over two centuries and that Cantonese is primarily a spoken language and hence loans are normally transmitted orally rather than graphically. The database is thus quite limited, making any analysis tentative and necessarily more speculative compared to other loanword studies. Nevertheless certain generalizations do emerge.
Segmental inventory and syllable rime phonotactics
Cantonese is commonly regarded as having the eleven contrasting vowels of (1) on the phonetic surface.
( In (3) we indicate the duration ratios of the short close mid vowels V to their long open-mid and high-vowel counterparts in checked V-stop and V-nasal rimes. The short vowels serve as the baseline. The ratios are based on the vowel duration measures reported in So and Wang (n.d.) and the graphs in Kao (1971:56 These ratios approximate the 1 to 2 proportions of short vs. long vowels found in many other languages and support the contention that duration is an important factor in the phonetic realization of the nonhigh vowels in Cantonese.
In (4) we show the average vowel duration measures cited in Bauer and Benedict (1997) based on the measurements in Kao (1971) Hashimoto (1972) , Kao (1971) , and Bauer and Benedict (1997) Hashimoto (1972) . Kao (1971) follows Chao (1947) and phonemicizes /e/ and /o/, uniting them with the vowel nuclei appearing in the [ej] and [ow] diphthongs. In Optimality Theory (Prince and Smolensky 1993, 2004) with its assumption of Richness of the Base, phonotactic constraints are defined on the output. In this model the four VC rime restrictions can be expressed as the following constraints. We follow SPE (Chomsky and Halle 1968) A couple of other restrictions should be mentioned. First, in an observation attributed to Chao (1947:24) , Hashimoto (1972:111) states that while a low tone in a checked syllable (Yang-Ru) combines with both long and short vowels, in the Yin-Ru (upper register) tone group the long vs. short categories align with the mid vs. high tonal contrast: long vowels co-occur with mid tone 44 while short vowels co-occur with the high tone 55 3 . Yip (2006) 
English-Cantonese vowel and coda consonant correspondences
Before turning to the ways in which the native language phonotactic constraints of (6) affect the adaptation of loans, we establish a base-line correspondence for the vowels and coda consonants. Our English transcriptions are based on the Received Pronunciation (RP) represented in such handbooks as Gimson (1980) , Wells (1990) , and the OED. The data in (7) show the regular vocalic correspondences in an open syllable. These include words where the English tense vowel appears word finally or, as in the case of bar and foul, where the vowel ends up in final position in the loan through the truncation of a coda consonant. To avoid notational clutter we have not transcribed the tones. There is a regular correspondence between the primary stress of English and the Cantonese high level (55) tone in the loan (Kiu 1977 , Silverman 1992 With the baseline vocalic correspondences enforced by the Bimoraic » IdentQuality » Ident-Length ranking schema in place, we now proceed to investigate how the four VC phonotactic constraints mentioned above in (6) are enforced on Cantonese loans.
Phonotactic constraint-1: front nonhigh vowels
In the Cantonese native vocabulary the front vowels [ɛ:] as well as [e] and [oe:] are barred before labial and coronal consonants. A few loanwords raise their vowel or change the coda to velar in order to conform to this constraint (13a). But the majority (13b) violate it, creating a new rime combination (Bauer 1985 When viewed from the Optimality Theory perspective, the variation among these adaptations revolves around whether the *ET phonotactic from (6) is respected, and then if it is, where a change is made to enforce it at the cost of a faithfulness violation. The adaptation of pence involves a demotion of faithfulness for [high] (and [ATR]) while offset involves demotion of faithfulness to the coda consonant. In the adaptation of Benz the phonotactic is demoted in order to remain faithful to the vowel quality and coda consonant in the original foreign word. The following tableaux illustrate these three ranking scenarios for pence, offset, and Benz. Lin (2008) in a study of English loans into Mandarin, where changes in vowel height are much more common than changes in backness. This observation is all the more striking since in Mandarin vowel height is contrastive while, for nonhigh vowels, backness is predictable from the surrounding consonants. Nevertheless, faithfulness to the noncontrastive vowel backness dominates faithfulness to the contrastive vowel height. One possible explanation for this asymmetry is that stops are unreleased in the coda in Cantonese. Consequently, the VC formant transitions in the vowel are the only cues to the place of articulation of the following coda consonant. Among these transitions those of the second and third formants are the critical ones in distinguishing one consonantal place from another, while first formant transitions do little if any work here. If Cantonese speakers are especially attuned to the VC transitions in F2 and F3, they may wish to preserve them in the vowel adaptation and hence be more prone to change vowel height, which plays little role in distinguishing coda place.
Phonotactic constraints 2 and 3: *IK and *oT
We recall that the short close mid vowels [e, o] The *oT constraint helps to explain the adaptations in (17) where a coronal coda consonant has been changed to dorsal in order to obtain a better vowel-quality match for the nuclear vowel. Also included here are cases where the inserted coda departs from the default homorganic coda-onset cluster. It is worth observing that the syllable nuclei of the tense mid vowels are higher in RP than in Standard American (Ladefoged 2006:88) . Moreover, the rime tables in Kao (1971) as well as Bauer and Benedict (1997) (13)) are thus good matches. But given undominated *oT, they entail a change of the coda consonant. 9 Our analysis predicts that loans containing a close mid vowel followed by a dorsal consonant should be adapted faithfully since they violate no phonotactic constraint. The examples in (19) show that this is a correct prediction. Unfortunately, the corpus lacks an example like coke that would allow us to test this prediction for the back vowel.
9. In a study of the speech of one young male Hong Kong Cantonese speaker, Zee (1999) 
Phonotatic constraint-4: labial dissimilation
It is well known that in the core vocabulary of Cantonese labial onsets are incompatible with labial rimes. Yip (1989) cites the Middle Chinese-Cantonese correspondences in (21) that show a dissimilation of coda nasals with respect to the onset. According to Bauer (1985) loans like pump > [pɐm] indicate that this constraint is no longer enforced in the contemporary language. But aside from the diphthong [ow], the constraint against a round vowel and labial coda found in the rime tables of Hashimoto (1972) , Kao (1971) , and Bauer and Benedict (1997) is still in effect (Light 1977).
(21) Middle Chinese -Cantonese correspondences (Hashimoto 1972) *biəm > pən cf. *ləm > ləm *biam pi:n *liam > li:m
To demonstrate the viability of the restriction on labials, Yip (1989) points to a reflex in the La-mi secret language (22). In this speech disguise if the base vowel is /i/ then /i-i/ is dissimilated to /i-u/, as in kin and yit. But as shown by t'im, this dissimilation is blocked if the coda is a labial. The cases in (23b) involve violation of faithfulness to the rounding of the vowel in the English source, while (23c) retains rounding in the vowel at the cost of changing the place of articulation of the nasal consonant. The tableaux in (24) show how the variant repair strategies changing the vowel or the coda labial play out in the adaptations of cocktail, Complit, and zombie. Another reflex of the labial dissimilation phonotactic concerns the coda filling strategy that provides the extra mora called for by the bimoraic requirement on full syllables. In this situation the inserted consonant normally tracks the place of articulation of the following onset (25a). But if that onset is labial and the vowel is round, then the coda assumes a different point of articulation to avoid a round vowel + labial coda (25b). 
Other phonotactic constraints
It is well known that back rounded vowels in Cantonese may combine with either coronal onsets or codas but not with both (Chao 1947 
Summary and implications
In (27) we summarize the rankings posited in our analysis of the loanword adaptations in the face of the four VC rime constraints discussed in this paper.
The *ET constraint is enforced variably while *IK, *oT, and *OP are undominated. The repairs to *ET and *OP include a change of the nuclear vowel or the coda consonant. For *IK only the vowel is changed and for *oT only the coda consonant. A major goal of theoretical research into loan phonology is to develop a typology of the possible repairs that bring the loan in line with native grammar con-straints. One hopes that ultimately the results obtained in this domain will mesh with judgments of sound similarity in the domains of rhyme and general phonological faithfulness (Steriade 2009 ). Let us summarize the findings of this study of Cantonese loanwords in light of this more general endeavor. Our first result is that faithfulness for vowel quality dominates faithfulness for length (confirming the finding of Yip 2006) . This explained why the short vowel of to check [ɛ] was adapted with long [ɛ:] over short [e] . It suggests that in the grammar of Cantonese vowel length enhances the ATR/height contrast. 10 Our second finding is that faithfulness for vowel backness dominates faithfulness for vowel height ([high] and [ATR]) as well as vowel roundness ([round] ). We suggested that a vowel's identity in a CVC context is more sensitive to the features of the surrounding consonants that affect F2; a change in vowel height will not alter the CV and VC formant transitions as much as a change along the front-back dimension. The asymmetry between vowel height and backness shows up in other domains where perceptual similarity and distance are at play. For example, the famous study of Peterson and Barney (1951) on confusion among English vowels finds that {ɪ, ɛ, ae} and {ʊ, ɔ, ʌ, ɑ} form distinct sets with confusions along the height dimension but essentially few or none along the front-back dimension. Zwicky's (1976) study of slant rhymes in English rock song lyrics has a similar finding.
A third generalization that emerges from the Cantonese loanword adaptations is that when the coda consonant is altered, the change is almost always to dorsal. For *oT we find both t > k and n > ŋ: . The front to back change of coda place is of course well known to students of Chinese historical phonology since the important study of Chen (1973) . In a survey of over 20 Chinese dialects Chen found that mergers of place contrasts in the coda invariably proceed in the direction labial > coronal > dorsal with changes in stops typically occurring before changes in nasals. However, faithfulness cannot be the entire story since when a coda labial is changed to satisfy the *OP constraint, the *Dorsal » *Labial » *Coronal markedness hierarchy predicts a coronal repair. This outcome is found (hamburger > [hɔ:n.bow This mirrors the typology of mergers across the various Chinese dialects observed by Chen (1973) and suggests that the dorsal > coronal > labial hierarchy is present statistically in dialects that still preserve the ternary place contrast for nasals and stops. Further study is necessary in order to determine whether frequency or markedness or both underlies the oral place hierarchy for Chinese codas. 12 A third possibility is suggested by Flyne (2012) , who documents a number of cases where coronal consonants are replaced by dorsal in both phonological alternations and sound changes as well as in loanword adaptations. For example, in Tlachichiclo Tepehua (Watters 1980 (Watters , 1988 coda stops and nasals are realized as velar: ho?ati 'man' vs. ho?akna 'men', kap'a 'he forgets it' vs. kawkɬi 'he forgot it'. The process also applies in loans: Pepsi > peksi, Huehuetla (Aztec placename) > wewekla. Flyne proposes that the process involves assimilation of the dorsal (tongue body) articulator of the preceding vowel. He follows Halle (2005) in explicitly rejecting the basic premise of feature geometry that when an articulator feature is assimilated, any dependent features such as [back] are as well. Hence, any connection between the frontness or backness of the vowel and the coronal vs. velar realization of the coda must be treated as an independent parameter of variation. More research is needed to determine whether or not the assimilation of articulator features and their bound dependents are as independent as this proposal implies.
11. More telling would be the type frequencies for the codas, i.e. how many distinct lexical items end in p, t, k, etc. As far as we know, this information is not available. 12. Two recent phonetic studies on the identification of final unreleased stops do not seem to elucidate the front-to-back merger. Chu et al. (2008) find that the identification of unreleased [p, t, k] is significantly affected by the preceding vowel with [ip] , [ut] and [ak] being the most optimal combinations, presumably because they show the sharpest VC formant transitions. Marty (2012) finds that French subjects (whose coda stops are typically released) identified unreleased stops most often as [p] since it has the weakest burst and hence is most similar to a stop with zero burst.
Another point worth making is that for both the *ET and *OP constraints, repairs changing the coda consonant or the nuclear vowel were found. This finding casts some doubt on the speculation in Kenstowicz (2006) that when a conflict arises between changing a vowel or a consonant in order to satisfy a CV or VC phonotactic constraint, it will be the more salient vowel that is preserved and the onset or coda consonant that changes. Some of the strongest instances of this phenomenon include the preservation of nondistinctive vowel height in Moroccan Arabic over a distinctive pharyngealization of adjacent consonants (Kenstowicz and Louriz 2010) or the preservation of nondistinctive backness over nasal place in the Mandarin adaptation of English loans (Hsieh, Kenstowicz, and Mou 2009) . In both cases there is good evidence that the nondistinctive vowel features enhance the adjacent consonantal contrasts and function as cues for the recovery of the consonantal distinction. For the Cantonese *ET and *OP constraints, the nuclear vowel and coda consonant do not stand in an enhancing relation. Hence, that motivation is missing. But it is still not clear that the relative saliency of vowels over adjacent consonants plays no role in the similarity judgments underlying loanword adaptation. When asked to provide online adaptations, our informants seem to privilege faithfulness to the vowel, as in the following examples: home > . It is possible that the phonetic salience of the vowel compared to the coda consonants (where stops are unreleased) comes to the fore when the English model is fresh in the Cantonese speaker's consciousness. Perhaps this factor recedes as the loan is transmitted through the speech community, giving rise to the vocalic height changes we have seen in this paper. A systematic sociolinguistic investigation would be required to corroborate this speculation.
Another implication of our study is more general support for phonological constraints as opposed to rules. From a traditional generative perspective, any context-sensitive rule changing X when adjacent to Y creates an *XY, *YX gap in the immediate output. But almost from outset of the generative approach (Stanley 1967) , phonological generalizations that do not submit to this interpretation were noted, necessitating static morpheme-structure or surface-structure constraints.
From this perspective what is phonologically illicit is the combination of XY regardless of how it may have arisen in the synchrony or diachrony of the language. The fact that we found changes of either the nuclear vowel or the coda consonant for some of the VC rime constraints is thus expected.
Finally, the loanword adaptations reviewed here demonstrate that the gaps in the rime tables noted by Hashimoto (1972) , Kao (1971) , and Bauer and Benedict (1997) are significant generalizations that are respected (to varying degrees) as a loan is adapted by the native grammar. The loans are thus comparable to the secret language changes Y-R. Chao appealed to in order to demonstrate the psychological reality of a CV restriction in Mandarin in his famous nonuniqueness paper (1934) . More generally, loanword adaptations reveal sound substitutions of comparable interest and complexity to the phonological alternations that have been the staple of the generative approach. They allow the more «static» languages of East Asia such as Chinese to occupy a central place in phonological analysis and theory.
